The objectives of the study were to compare long-acting dihydropyridine calcium channel blockers (CCBs) with angiotensin II receptor blockers (ARBs) according to the ambulatory blood pressure monitoring (ABPM) profile in stage 1 and 2 newly diagnosed hypertensives and also to evaluate the efficacy of high-dose monotherapy vs low-dose combination therapy of the two drug categories among the subjects with inadequate blood pressure (BP) control after conventional low-dose monotherapy. We obtained 24-h ABPM readings from 302 subjects with newly diagnosed stage 1 or 2 essential hypertension. The study protocol consisted of initial drug treatment with a low dose of either CCBs or ARBs. Hypertensives who did not achieve BP control were randomized to high-dose monotherapy of either category of drug or low-dose combination therapy. CCBs and ARBs in low-dose monotherapy achieved BP control in 53.8 and 55.3% of the cases, respectively. However, subjects under treatment with CCBs experienced side effects more often and required that treatment be discontinued. Hypertensives who failed to control their BP with low-dose monotherapy did significantly better with low-dose combination treatment (61.6%) than with high-dose CCBs (42.8%) or ARBs (40.5%) monotherapy (Po0.05). In terms of ABPM, lowdose combination therapy exhibited better 24-h BP profile according to trough-to-peak ratio, hypertensive burden and BP variability. In conclusion, low-dose ARBs and CCBs have a comparable effect in subjects with grade 1 and 2 arterial hypertension. In hypertensives who are not controlled by low-dose monotherapy, lowdose combination therapy proves be more efficacious than high-dose monotherapy.
Introduction
Several prospective clinical trials and populationbased studies have demonstrated that the incidence of cardiovascular events is predicted by blood pressure (BP) as measured in the office or with ambulatory methods, even after adjustment has been made for a number of risk factors. 1, 2 In some of these studies, ambulatory blood pressure monitoring (ABPM) predicted cardiovascular events even after fixing for conventional BP measurements. 2, 3 ABPM is an accurate method of evaluating the BP reduction in treated hypertensives, due to the absence of the white coat and placebo effect, with higher reproducibility over time. 4 Calcium channel blockers (CCBs) effectively lower systolic and diastolic BP and their use as monotherapy or in combination with other drugs is one of the most potent therapeutic options. 5 Angiotensin II receptor blockers (ARBs) belong to a relatively new class of antihypertensive drugs. ARBs are becoming increasingly popular as they are effective and well tolerated. 5 In subjects with stage 1 hypertension, the initiation of drug treatment with a low dose of either CCBs or ARBs is an established therapy. However, comparative data among the two classes of antihypertensive agents concerning the 24-h BP variability and burden reduction are lacking. Furthermore, optimal treatment strategies in hypertensives who failed to achieve BP control with low-dose monotherapy are not established.
This prospective study has been conducted in order to evaluate the clinical efficacy, specifically the 24-h BP variability and burden reduction of high-dose monotherapy with CCBs or ARBs vs low-dose combination treatment in subjects with inadequate BP control after conventional low-dose monotherapy.
Methods

Study population
The study population was recruited from individuals who attended the Blood Pressure Clinic of our Department during the period 2002-2003 and originated from the ethnically homogeneous Greek population living in the greater Athens area. Office measurements of systolic and diastolic BP were performed manually with a calibrated mercury sphygmomanometer. The diagnosis and staging of arterial hypertension was based on the mean value of three consecutive office BP measurements that were taken between 11:00 and 13:00, 1 week apart according to the criteria of JNC 6, before randomization. 6 The prerequisite for inclusion was stage 1 and 2 hypertension diagnosed within the past 6 months, without antihypertensive medication. In order to be eligible, hypertensives had to be free of cardiovascular events. All subjects gave written informed consent. Criteria for exclusion were secondary hypertension, any coexisting disease that might seriously reduce life expectancy, use of experimental drugs, pregnancy and the refusal to undergo follow-up visits and ABPM. Hypertension was confirmed after 1 month of lifestyle modification. A total of 302 participants, 156 males (51.7%) and 146 females (48.3%), with a mean age of 54.10711.43 years (range 38-75 years) were enrolled in the study.
At the screening visit, the medical history of each participant was recorded. A thorough clinical examination was performed for each patient, followed by laboratory investigations.
Study protocol
The participants were randomized to receive either low-dose long-acting dihydropyridine CCBs (Group A) or ARBs (Group B). The drugs of each class and the initial dose used are shown in Table 1 . They were chosen consecutively in the presented order in a 1:1 relation, except for patients with diabetes mellitus who were all included in group B, taking into consideration current recommendations. 7 All subjects were re-evaluated 6 weeks after the initiation of the drug treatment (follow-up 1). BP control was based on office BP measurements and adequate control was considered as BP below 140/90 mmHg for the systolic and diastolic BP, respectively. Hypertensives with inadequate BP control were randomly assigned to receive either higher doses of the initial therapy (by doubling the doses) or a combination of low doses of the initial therapy plus a drug from the other class ( Table 1 ). The second reevaluation of the study cohort was performed after an additional 6-week period (follow-up 2). Side effects of drug treatment were recorded according to a standard questionnaire during both re-evaluation periods. Individuals with intolerance to the selected regimen were crossed over to the other class of drugs, but the analysis was performed according to the intention-to-treat model.
Ambulatory blood pressure monitoring
ABPM was performed the day before the initiation of drug treatment and in 12-week follow-up periods. ABPM was carried out with electronic devices (Diasys 2000) that have been validated and recommended for clinical use, meeting the criteria of the Association for the Advancement of Medical Instrumentation. 8 They were preset to measure BP at 15-min intervals during daytime (07:00 to 23:00) and at 30-min intervals during night time (23:00 to 07:00). The patients were sent home with instructions to hold their arm immobile at the time of measurements; to keep a diary of daily activities and quality of night rest; and to return to the hospital 24 h later. The monitoring was always carried out on a working day and during the normal intake of the selected antihypertensive treatment. The participants had no access to the ambulatory BP values. ABPM readings with systolic BP o70 or 4260 mmHg and/or diastolic BP o40 or 4150 mmHg were not taken into account. Home readings that were 450% higher than the next highest home BP reading were considered as irrelevant and were also discarded. In the second follow-up, each subject took the medication before the initiation of the ABPM.
In the analysis of the ABPM recordings, we evaluated the mean 24-h systolic and diastolic BP, the mean daytime and night time systolic and diastolic BP and the trough-to-peak systolic and diastolic BP. Peak BP changes were calculated by considering the interval between the 2nd and 8th hour after drug intake (ie when the peak effect was expected to occur) and by averaging, within this time window, the values for: (1) the hour in which the BP fall was maximal and (2) the adjacent hour in Table 1 Long-acting dihydropyridine calcium channel blockers (CCBs) and angiotensin II receptor blockers (ARBs) used in the study which the BP fall was more evident, compared with the corresponding pretreatment values. Trough BP changes were calculated by averaging the difference between pretreatment and during treatment BP values, which were recorded during the last 2 h of the monitoring period. 9 Furthermore, we calculated the hypertensive burden (BP load) as the percentage of abnormal BP readings (4135/85 mmHg, during a 24-h period, 4135/85 mmHg, during the daytime period and 4120/75 mmHg during the night time period). Also, we focused on BP variability every 30 min (short-term variability). Systolic BP variability was estimated according to the formula: standard deviation of 24-h systolic BP/mean 24-h systolic BP (coefficient of variation). Similarly, the diastolic BP variability was calculated.
Statistical analysis
The study variables compared were: the office BP readings in the first and the second re-evaluation visit (follow-up 1 and 2), obtained as described above, and the mean of the 24-h, daytime and night time ABPM of systolic and diastolic BP, also recorded in 12 weeks. The distribution of baseline characteristics in the groups A and B were compared with the use of Yate's corrected w 2 test or Fisher's exact test for proportions and the one or pairedsamples t-test or Mann-Whitney U-test for continuous variables. Variability comparison was tested by Leven's test for the equality of variances. The statistical analysis was performed according to the intention to treat principle. All statistical analyses were performed using SPSS Inc. software, version 11.0.1 (Chicago, IL, USA, 2001).
Results
The mean systolic BP in the initial evaluation was 153.1717.4 mmHg (in men, 150.9716.8 mmHg and in women, 155.5717.7 mmHg), while the mean diastolic was 97.278.8 mmHg (in men, 98.078.8 mmHg and in women, 96.478.7 mmHg). Women appeared to have a higher systolic BP in comparison to men (P ¼ 0.021, mean difference 4.61, 95% CI 0.71-8.52). A total of 143 (47.35%) participants were randomized to group A and 159 (52.65%) to group B. According to the baseline characteristics, the two groups were similar in age, sex, body mass index (BMI), smoking status, diabetes mellitus and levels of serum cholesterol, triglycerides, HDL and LDL cholesterol, systolic and diastolic BP (Table 2) .
In the first follow-up, 165 participants (54.6%), 87 (55.8%) men and 78 (53.4%) women, had their BP controlled. The two categories of drugs had a similar effect on BP control (77 out of 143 subjects in group A, 53.8%; 88 out of 159 in group B, 55.3%; P ¼ 0.8).
The mean systolic BP fall in group A was 19.6717.3 mmHg and in group B, 16.2716.5 mmHg (P ¼ 0.7). The mean diastolic BP fall in group A was 10.879.6 mmHg and in group B, 8.679.4 mmHg (P ¼ 0.7). BP control did not differ between men and women in group B (63.8 vs 71.6%, respectively, P ¼ 0.6). However, in group A, CCBs tended to be more effective in men than in women (65.2 vs 49.2% respectively, Po0.05). In all, 10 (6.7%) group A subjects developed leg oedema due to the administration of CCBs and three (2.1%) required discontinuation of treatment. In group B, only minor side effects were reported by eight (5.0%) hypertensives, but no treatment discontinuation was necessary.
From the 137 subjects who were not controlled by low-dose monotherapy, 35 (25.5%) received highdose CCBs (group A1), 42 (30.6%) received highdose ARBs (group B1) and 60 (43.7%) received a combination of low-dose therapy (group C). In subjects who were not controlled, randomization was carried out according to the concept of 1:1, except for those who could tolerate dose increment without side effects. There was no significant difference in the systolic and diastolic BP levels among the three groups (for group A1, B1 and C: systolic BP, 158.3716.9 vs 153.8715.9 vs 162.4717.6 mmHg, P ¼ 0.1 and diastolic BP, 98.377.9 vs 99.077.2 vs 102.1710.0 mmHg, P ¼ 0.1, respectively). The mean reduction of systolic BP in the three groups was 9.8715.2, 8.7715.9 and 12.7716.2 mmHg, and of diastolic BP, 6.877.2, 6.977.2 and 6.779.3 mmHg for groups A1, B1 and C, respectively. The reduction in systolic BP was significantly higher in group C than in groups A1 and B1 (Po0.05). After the initiation of the dosage increment or drug combination, an additional 22.8% of the total cohort was controlled. In group A1, 42.8% (15/35) of the subjects achieved adequate BP control, while in group B1, 40.5% (17/42) and in group C, 61.6% (37/60) achieved adequate BP control. BP control was significantly better in group C compared to groups A1 and B1 (Po0.05, for both comparisons). Drug withdrawal or treatment mod- 
Analysis of ABPM in terms of blood pressure control and reduction
Hypertensives who achieved BP control with lowdose monotherapy exhibited significant BP reductions in terms of mean 24-h systolic and diastolic, mean daytime systolic and diastolic, and mean night time systolic and diastolic BP. The mean BP reduction was comparable between the two groups ( Table 3) . In both groups, there was a significant burden reduction in systolic and diastolic BP during the 24-h, the daytime and the night time periods. Similarly, the mean burden reduction was comparable between the two groups, except for the night time diastolic BP burden reduction, where the CCBs were inferior to the ARBs (Table 4) .
High-dose monotherapy and combination therapy
Subjects requiring high-dose monotherapy with ARBs or CCBs achieved a similar reduction in systolic and diastolic BP, during the daytime, the night time and the 24-h periods. Those receiving low-dose combination therapy had greater systolic and diastolic BP reduction, as well as burden reduction in comparison to those receiving highdose monotherapy. These differences reached the level of statistical significance for the diastolic BP (P ¼ 0.04), while they showed a clear trend for the systolic BP (P ¼ 0.07) ( Table 5 ). According to BP variability, the combination therapy was characterized by lower variability in comparison to both high-dose treated groups (Figure 1 ). The mean trough-to-peak ratio for systolic BP was significantly higher for combination therapy (0.950) in comparison to high-dose treatment with CCBs (0.936, Po0.05) and high-dose treatment with ARBs (0.935, Po0.05).
Discussion
This study provides a direct comparison of the antihypertensive efficacy of CCBs and ARBs in terms of BP control and ambulatory BP profile. Both drug categories have a similar effect in achieving target BP and burden reduction when they are prescribed as low-dose monotherapy in subjects with stage 1 and 2 hypertension. The primary reason for selecting an antihypertensive drug is efficacy. Controversial reports about the efficacy of ARBs may explain why fewer than 10% of individuals around the world are prescribed ARBs, despite the advantages provided by superior compliance. 10 Several small studies, however, have compared ARBs to commonly used antihypertensive agents, such as atenolol, lisinopril and amlodipine. 11, 12 In each of these studies, the antihypertensive efficacy of ARBs was at least comparable or superior to that of the other antihypertensive agents. These studies used only one ARB and thus the results cannot be interpreted as categorical efficacy. Only the studies DBPC and PROBE used more than one ARB. In a meta-analysis of these trials, telmisartan, losartan and valsartan, in various dosages, exhibited similar BP reduction to amlodipine in a dosage of 5 mg per day. 13, 14 In the present study, less than half of the subjects with mild to moderate arterial hypertension were not controlled by low-dose monotherapy of either category of drugs (CCBs or ARBs). In the literature, it has not been completely clarified whether these patients should receive incremental doses of the initial monotherapy or should be managed by lowdose combination therapy.
14 It has been shown that low-dose combination therapy is associated with better compliance and possibly greater BP reduction. In our study, low-dose combination therapy of ARBs and CCBs, as categorical agents, achieved better BP control in comparison to high doses of both CCBs or ARBs, irrespective of the initial drug choice in patients not controlled by low-dose monotherapy. Specifically, low-dose combination therapy led to BP control in approximately 60% of subjects treated with low-dose monotherapy, while the results of high-dose CCBs or ARBs were approximately 40%. Moreover, this finding was associated with an increased trough-to-peak ratio of low-dose combination therapy on ABPM recordings and also with a lower variability of BP. The compliance to low-dose combination therapy was similar to the high-dose ARBs but significantly better to the high-dose CCBs. It appears that lowdose combination therapy is more effective in BP and burden-lowering in comparison to high-dose monotherapy. Furthermore, low-dose monotherapy has a favourable effect on BP variability in contrast to high-dose monotherapy.
The physiologic mechanism that could explain the favourable results of low-dose combination therapy on BP reduction may be associated with the simultaneous blockade of two different pathways of BP control that are effective for both low and high renin hypertension. Moreover, the combination of two drugs with different pharmacodynamic and Figure 1 Comparison of 24-h BP variability between subjects treated with low-dose combination therapy or high-dose monotherapy with CCBs or ARBs. Low-dose combination therapy is characterized by a significantly smoother BP variation and higher trough-to-peak ratio (0.950) during the 24-h period.
pharmacokinetic properties seems to result in a better 24-h BP profile in terms of trough-to-peak ratio and BP variability, as indicated by the population of this study. The ultimate therapeutic significance of this strategy can be evaluated through its effect on the long-term prognosis of the hypertensive subjects, in terms of target organ damage and, consequently, cardiovascular morbidity and mortality. In the present work, we did not evaluate long-term prognosis, but since it has been established that better BP control results in decreasing cardiovascular risk, the use of low-dose combination therapy in subjects who are not controlled by low-dose monotherapy seems to be a promising therapeutic alternative.
In conclusion, low-dose angiotensin II receptor blockers and calcium channel blockers have comparable antihypertensive effect in subjects with mild and moderate arterial hypertension. In hypertensives who are not controlled by low-dose monotherapy, low-dose combination therapy seems to be a more attractive therapeutic strategy than high-dose monotherapy in terms of BP control and 24-h BP profile.
